Background: Aluminum phosphide (ALP) and zinc phosphide pesticides are widely used as grain preservatives in Egypt. It was associated with high morbidity and mortality rates. Aim: To investigate the pattern and predictors of mortality related to aluminum and zinc phosphide poisoning. Methods: A two years prospective study was conducted on 399 patients with acute aluminum and zinc phosphide poisoning (124 non-survivors and 275 survivors) who were admitted to Menoufia University Poison and Dependence Control center (MPCC), during the period from 1st of July 2016 to the end of June 2018. For each patient, demographic and poisons data were taken. Also, clinical examination, laboratory investigations, ECG and Echocardiography were performed. Results: Phosphide poisoning predominated among cases aged < 18 years (46.8%), females (68.7%), students (48.9%) who attempted suicide (92.2%). The majority of non-survivors took aluminum phosphide tablets (97.6%) while most of survivors took zinc phosphide powder (78.5%). There was a significant difference as regards poisoning severity score (PSS), severe PSS among nonsurvivors (91.9%) while mild PSS among survivors (77.4%). Severe left ventricular dysfunction was the most predicting factor for mortality in the studied cases (OR= 9.35; CI: 1.156-5.26, P <0.001) followed by higher dose, need for mechanical ventilation, more than 2 hours' time delay, acidosis and hypotension. Conclusion: The mortality from aluminum and zinc phosphide poisoning can be predicted by intake one tablet or more of AlP with delayed time from intake to seek medical care, left ventricular dysfunction, hypotension and acidosis. These finding necessitate the need for public health policies to restrict the accessibility and use of phosphides in Egypt with the awareness of the public to the high fatality of these poisons.
INTRODUCTION
Aluminum and zinc phosphides pesticides are used worldwide to prevent the harmful effects of pests and rodents on stored grains. Phosphine gas was released when aluminum phosphide contact with water or hydrochloric acid in the stomach. The toxic effects of phosphine was due inhibition of cytochrome oxidase system in the mitochondria and consequent impairment of tissue respiration (Valmas et al., 2008). In addition, phosphine had a fatal direct toxic effects on cardiac muscles and adrenal glands leading to a circulatory collapse and may lead to death (Shah et al., 2009).
Aluminum phosphide (AlP) poisoning mortality rates vary from 40% to 80% worldwide (Chaudhry & Rai, 2014). The identified fatal dose of AlP is 0.15-0.5 g. The time elapsed from ingestion of AlP to death ranged from about from1to48 hours, most of the patients die within the first 24 hours from poison intake. The most common cause of death as reported by previous studies was cardiac dysrhythmia (Wahab et al., 2009). Also, the mortality rate of zinc phosphide poisoning is around 37-100% (Sogut, 2011).
Aluminum and Zinc phosphide, effective grain preservatives are frequently used in silos of Menoufia governorate. However, exposure to these cheap and easily accessible chemicals has provoked poisoning with a high fatality rate. Therefore, this study was conducted to identify the pattern of aluminum and zinc phosphide poisoning and investigate their predictive factors of mortality.
SUBJECTS AND METHODS
This was a prospective study conducted on all cases of aluminum and zinc phosphide poisoning who were admitted to Menoufia University Poison and Dependence Control Center (MPCC), Egypt during the period from the 1st of July 2016 to the end of June 2018. MPCC is the only referral center for the cases of poisoning in Menoufia governorate.
A total of 399 cases of phosphide (180 aluminum phosphide and 219 zinc phosphide poisoned cases) poisoning were recruited in the present study. Data was obtained from the patient or his relative about; socio-demographic data ( ECG and Echocardiography were performed and left ventricular function was assessed by ejection fraction (Yancy et al., 2013). In addition, the outcome of all cases was reported.
Ethical considerations: The study was approved by Menoufia University ethical committee. Informed valid consent was taken from each patient or their relatives prior to the beginning of the study. To insure confidentiality, samples were coded and anonymously stored.
Statistical analysis:
The statistical analysis was performed by using IBM personal computer and statistical package SPSS version 22. The description of the data was done in the form of percentage (%) for qualitative data and mean and standard deviation (SD) for qualitative data. For comparison between survivors and non-survivor groups, student t-test was used for quantitative variables and the Chi-square (χ 2 ) test was used for categorical variables. Binary logistic regression analysis was performed to test the independent effects of the predictors of death from aluminum and zinc phosphides poisoning. P value <0.05 was considered statistically significant.
RESULTS
Three hundred ninety nine patients had aluminum (180 cases) and zinc (219 cases) phosphide poisoning. The commonest age of the studied cases was less than 18 (46.9%) and from 18-30 (33.6%) years. Two hundred seventy four patients (68.7%) were female and 125 (31.3%) were male. Most of cases were from rural area (65.9%). About half of the cases were students (48.9%) and about two thirds of the series were single (67.2%). The need for admission to ICU and mechanical ventilation (respiratory rate > 35/min, PaO 2 < 50 mmHg at home air, PaCO 2 >60 mmHg, blood pressure < 80/50, severe metabolic acidosis and patient isn't respond to supportive to treatment) were significantly more among non-survivors than survivors (P<0.001) as shown in Table 1 .
There was a significant difference between survivors and non-survivors as regards the poison type (P<0.001). The majority of non-survivors took aluminum phosphide tablets (97.6%) while most of survivors took zinc phosphide powder (78.5%). Suicide attempts were the predominant manner in all cases (92.2%) while accidental intake presented in only (7.8%) of them. Oral intake was the route of intake in all cases. Tablets in a dose of more than one were significantly predominant among non-survivors than survivors while zinc phosphide powder in a dose of less than half packet was significantly predominant among survivors than non-survivors. The referred cases were significantly more in non-survivors than survivors (P<0.001). Time delay between poison ingestion and medical care of > 2 hours was significantly more predominant in nonsurvivors than survivors (P<0.001) as shown in Table 2 . Table 3 , the presentation with consciousness changes, hypothermia, bradycardia, hypotension, tachypnea, cyanosis, abdominal pain, vomiting and severe poisoning severity score was significantly more frequent in nonsurvivors than survivors (P<0.001).
As regards clinical manifestations in
Investigations of the studied patients were illustrated in Table 4 . It showed that, elevated serum creatinine, hypokalemia, hyperkalemia, hypomagnesaemia, metabolic acidosis and hypoxemia were significantly more prevalent among the non-survivors than survivors. Moreover, moderate to severe left ventricular dysfunction as assessed by Echocardiography were more presented in the non-survivors than survivors (P<0.001).
Based on binary logistic regression analysis for relevant predictors of mortality in aluminum and zinc phosphide poisoning cases, severe left ventricular dysfunction was the most predicting factor for mortality in the studied cases (OR= 9.35; CI: 1.156-5.26, P <0.001) followed by aluminum phosphide dose of ≥ 1.7 gram (OR= 7.65 and 7.30; respectively). Moreover, need for mechanical ventilation (for hypoxemia or severe metabolic acidosis or hypotension not responding to supportive treatment), more than 2 hours' time delay, metabolic acidosis and hypotension were significant predictors of death in phosphide poisoning cases (OR= 5.36, 2.65, 1.86 and 1.46; respectively) as shown in 
, 2009).
The case fatality rate from aluminum phosphide alone was about 67% (121/180 cases) and constituted the majority of deaths among all phosphide deaths (121/124 cases; 97.6%). Moreover, acute toxicity from aluminum and zinc phosphide constituted the first leading cause of death (124/153 cases; 81% of total deaths) among all deaths from poisoning cases admitted to Menoufia University Poison and Dependence Control Center (MPCC), Egypt during the period of the present study. These results reflect the bad prognosis and high fatality of phosphide poisoning that need urgent intervention and implementation of policies to ban its use and accessibility. Also, this study revealed that, left ventricular dysfunction, aluminum phosphide poisoning with dose ≥1.7 gram, hypotension, blood pH, and time delay from consumption of poisoning to treatment were found to be the most important predictors of death in phosphide poisoning cases.
Suicide was the most common manner of phosphide poisoning as these compounds are easy to access and cheap with rapid action and high fatality. This may direct persons to use aluminum and zinc phosphide for suicide. The most common age for phosphide poisoning in the present study was less than 18 years followed by those aged from 18-30 years as these ages are more susceptible to social and psychological stress so become more vulnerable to commit suicide (Alinejad et al., 2017) . They also may have conflict with other family members or friends and emotional problems (Chang et al., 2011) . Also, Mathai and Bhanu (2010) found that the majority of acute aluminum phosphide poisoning patients were young and in the age group from 21 to 40 years.
Aluminum and zinc phosphide poisoning was more common in females than males in our study with a ratio of about 2:1 as females attempt suicide greater than in males due to females restricted freedom, harmful traditional practices and frustration of females in Egyptian community from other family members. These results were in agreement with another Egyptian study More than two thirds of cases were single (67.2%) as married persons are more emotionally and psychologically stable. Also, about half of the cases were students (48.9%), this could be explained as students are susceptible to more emotional stress and conflict with others and hence more tendency to commit suicide. Housewives, farmers and workers were also common as these slices are more involved in grain storing and so phosphides toxicity.
Most of cases belonged to the rural area. Menoufia is an agriculture governorate, also grain storing is more in rural than urban areas. This is in accordance with previous studies Kapoor et al. (2006) who found that 65.1% of aluminum phosphide poisoning cases were from rural areas.
The first presentation of phosphide poisoning were normal in most patients especially who transferred to the hospital within the first hours of poison ingestion. Systemic symptoms developed within the first 24 hours as vomiting and abdominal pain, hypotension, tachycardia, tachypnea, cyanosis and changes in the levels of consciousness. Finally, the patients proceed to multi-organ failure and death within the first 24 to 48 hours after poisoning. Similar findings were also reported in many previous studies from different countries ( The fatality from phosphide poisoning showed a statistically significant relationship with many variables including aluminum phosphide in a dose ≥ 1.7 gram (one tablet or more). Aluminum phosphide in Egypt is available in a 3 grams tablet form (containing 57% aluminum phosphide active ingredient equivalent to 1.7 g/tablet) while zinc phosphide is formulated as a 5 grams powder packet (containing 80% zinc phosphide active ingredient; 4 g/packet) (National Pesticide Information Center, 2011). This was supported by Hajouji et al. (2006) who stated that death from aluminum phosphide is common if more than 1.5 g is ingested.
Zinc phosphide is less dangerous than aluminum phosphide because it does not produce as much phosphine gas. This is due to zinc phosphide requires acidic conditions for appreciable hydrolysis and subsequent formation of phosphine, whereas aluminum phosphide will hydrolyze to form phosphine in neutral pH (Knight, 2006) .
Left ventricular dysfunction was still the most predictor factor for mortality in phosphide poisoning in this study after multivariate logistic regression analysis; severe and moderate left ventricular dysfunction was the most predicting factor of death followed by the need for mechanical ventilation, aluminum It has been found that organs with a higher need for oxygen as heart, lung, kidney, and liver are more sensitive to damage by phosphine gas as phosphine also produces oxygen free radicals in body tissues. In addition, More than 2 hours' time delay to attend medical care was still predictors of death in phosphide poisoning patients on multivariate logistic regression. Similarly, Navabi et al., reported that the elapsed time from consumption to treatment was 1.3±0.7 and 2.0±1.4 hours for survivors and non-survivors of ALP poisoning, respectively. Therefore, accelerating the transport of poisoned individuals to treatment centers, followed by careful attention to blood pressure and blood pH at the time of treatment, would Egypt J. Forensic Sci. Appli. Toxicol.
Vol 19 (2), June 2019 be expected to reduce the risk of mortality in cases of aluminum phosphide poisoning. Regarding period of stay in hospital, it was longer in survivors than non-survivors as most non-survivors came to emergency room with very severe cardiogenic shock that caused death in less than 48 hours in the majority of the cases.
A significantly higher percentage of non survivors than survivors were referred cases. this Only one factor of the cause of the previous finding is improper management; other factors may play a role as remoteness of the cases taking long hours to reach medical care or delay due to undetected cases (non-revealing suicidal patients). Also, gastric lavage might have been done by water which enhances release of phosphine gas in the stomach and hence more toxicity
The present study had some limitation as it was conducted in a single center, the findings may not be representative to the general population in Egypt but it can provide useful data for healthcare providers about the pattern of phosphide poisoning and risk factors of mortality from these types of pesticides.
CONCLUSIONS & RECOMMENDATIONS
The results of this study showed that mortality can be predicted in patients with phosphide poisoning based on their type whether aluminum or zinc phosphide, formula and dose of poison. In addition to, left ventricular function, blood pressure, blood pH, and time delay from consumption to treatment. These finding necessitate the need for public health policies to restrict the access and use of phosphides in Egypt with the awareness of the public to the high fatality of these poisons and to encourage the healthcare providers to take more effective measures to treat patients with phosphide poisoning.
